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ABSTRACT

We analyze the morphology of 125 submillimeter galaxies (SMGs) in the PRIMER-COSMOS field
using double Sérsic modeling on JWST NIRCam images across six bands (F150W, F200W, F277W,
F356W, F410M and F444W), with SMGs being classified by bulge Sérsic index (n_bulge) and bulge-to-
total luminosity ratio (B/T). The Kolmogorov—Smirnov test between the bright (SFR > 175 Mg yr—1)
and the faint group (SFR < 175 My yr—1!) reveals no significant statistical differences in morphology
across bands. However, we notice that SMGs skew towards higher B/T ratios and lower n_bulge
from shorter to longer wavelengths. In F444W, bright SMGs exhibit higher B/T and lower n_bulge,
indicating flatter , disturbed bulges, while faint SMGs show lower B/T and higher n_bulge. Notably,
SMGs with higher B/T tend to have low Sérsic, challenging the local universe dichotomy of classical
bulges (B/T > 0.5, n > 4) versus pseudo-bulges (B/T < 0.35, n < 2). In the F277W, non-parametric
measurements indicate predominantly disk-dominated patterns, with only 24% of SMGs demonstrating
merger signatures. After the removal of SMGs with disturbed morphology , the bulge classification
scheme in F277W shows pseudo-bulges(21%) and clump migration bulges(16%) from secular evolution
, compared to 4% merger-built bulges. Surprisingly , 48% of SMGs defy the classification scheme ,
showing high B/T(~ 0.7) but low Sérsic index(n_bulge < 1). Bars are confirmed in 7% of SMGs.
This work suggests that secular evolution takes precedence over major mergers , supporting the idea
that isolated evolution fueled by filamentary gas inflow plays a non-negligible role in the SMG bulge
formation.



Bbibopka

covered by HST ACS and WFC3 coverage from CAN-
DELs(N. A. Grogin et al. 2011), providing optical-to-
near-infrared data ranging from 0.4pum to 1.6um. We
excluded filters suffering from the issues of invisibility
of the near-infrared counterparts (FO90W, F115W) ,
and those with insufficient resolution for further anal-
ysis(F770W, F1800W) , which results in the remain-
ing six bands(F150W, F200W, F277W, F356W, F410M,
F444W) with robust detections of the JWST. Since de-
tections in differenct wavelength, we convert the flux
detected in different bands to 870um via fs70um/ fobs =
(V870,um/Vobs)3~

In the end , we obtained 125 unique sources detected
by ALMA, with the complete catalog 6 in the Appendix.
The median of logio(M./Mc) is 10.9815-3% (16th to 84th
percentile) , and the median redshift for our sample is
2.2913-89(16th to 84th percentile) , which is consistent
with the typcial redshift range of the SMGs but skews
toward higher redshift, dominating fainter end of the
SMGs population(Sg7oum = 1.887 323 mJy). The phys-
ical properties presented in this paper are all retrieved
from the A3COSMOS project (S. Adscheid et al. 2024),
in which they performed SED fitting with MAGPHYS,
integrating ALMA sub-mm data with extensive ancil-
lary data , including radio (e.g., VLA 1.4 GHz and
3 GHz), far-infrared (e.g., Herschel, Spitzer/MIPS 24
pm), and optical-to-near-infrared photometry. The
uncertainties of the photometric redshift conform to
0.06(1 + z) , which is suitable for statistical measure-
ments but not clusters proximity survey. As for stellar
mass , the A3COSMOS paper excludes outliers and un-
reliable associations , ensuring a robust catalog with a
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Figure 1. Photometric Redshift vs Stellar Mass for 125
selected SMGs(orange) , and the field sample(gray) in
PRIMER-COSMOS field
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Figure 6. Gini-M20 relation for both the SMGs and the field galaxies in the PRIMER-COSMOS field , with the dashed line
indicating the boundry of the galaxies with merger signatures and those non-mergers , with detailed description in J. M. Lotz
et al. (2008).
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Figure 3. An example of bar identification via ellispe isophotal fitting of source ID: 614294 via ellipse-fitting techniques as an
example. The blue cross marks the shared center of isophotes(red).
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40 - 4.1.3. Properties of the SMGs in different bulge categories

=1 Bulge (1.18 + 0.43 k . 3
— D:;gjé_m ;3_51 kpz)c : We highlight the properties of our sample of SMGs

categorized by different types of bulges in Table 5.
Classical bulges exhibit relatively high stellar mass
(1.675 5 x 10! M) and elevated star formation rates
; (162.2722%° Mg yr—!). In particular, they show some

.530 g g:’s'fi ;g;ié%;i:g; ) of the broadest diversity in structural properties , with
§2° | a bulge-to-total ratio (B/T) of 0.3703, a Sérsic in-
9 : dex of n = 4. 6+1 9, and an effective radius of Reg =
0—2 7 6 8 10 12 .O“_LO.5 kpc.
F277TW
40 ; T Within this category, bulges built through major
= i g gifj;égiis;%?k:;c) mergers are sites of particularly extreme cases. These
go I : B systems have high stellar masses (1.3753x10!* M) and
: M].I"-"I, I SFRs (152.5737%-% Mg yr~') , along with the highest
g T g g l—" median B/T (0.6703) , a high Sérsic index (n = 4.47}9)
40 . O s , and compact bulges (Reg = 1.4707 kpc).
» i [ Buige (1.42 £ 0.51 kpc) Clump-sinking bulges have stellar masses similar to
§20 I|= Sl fralieso2 ke) average classical bulges (1.670% x 10'* M) and even

higher SFRs (204.4122%% M yr ~1). Structurally , they

0 lie between merger—built bulges and pseudobulgeS' their
30— N B/T i8 05701 ; Sérsic index is 2.7105 | and effective
: =1 Buige (1.29 £ 0.49 kpc) radius is 2.070§ kpc.
§20 I.: Diskif4:29 5,350 kbe) Pseudobulge-hosting SMGs exhibit the lowest
©10 ! median stellar mass among the classified cate-
ol “: B "-fi;l gories (0.8104 x 10 M) and slightly lower SFRs
' __ Fadaw (151.471371 M,dot yr~').  Morphologically , they
X i =1 Bulge (1.26 + 0.51 kpc) have the lowest B/T (0.1f8ji) , lowest Sérsic in-
§20 '-J‘l [ Disk (4.19 + 3.43 kpc) dices (n = 1 4+8(§ , and relatively compact bulges
S 10 i J‘l (Rege = 1.132:5 kpe).
ol H P’lr""-F"LHG Clame ae ol Finally , SMGs with unclassiﬁed bulges show moder-
Physical Size (kpc) ate stellar masses (0.9792 x 10'! M) and the lowest
Figure 5. Distribution of the effective radius of SFRs (128-8-_*_;,3?03 Mg yr 1)- They exhibit the lowest
EoTT,FAHA, POV, LAY i Che red o Sérsic indices (n = 0.703) , intermediate B/T (0.7+3)
blue dotted vertical line indicating the median of the effec- , and modest bulge sizes ( Reff — 1_6_4:83 kpc).

tive radius of the bulge and the disk respectively.
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Figure 2. Simple assumptive sketch based on previous studies summarizing the bulge formations in submillimeter galaxies
presented in this paper , in which the classical bulge and ellipticals(kinematically hot, high B/T, high Sérsic) are the products of
mergers whereas the pseodobulges and the bulgeless galaxies(kinematically cold, low B/T', low Sérsic) are fabricated by degrees
in the secular evolution.
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e Pseudobulge(General Classification):

— 2
e Classical Bulge(General Classfication): n/<
- B/T <0.35

— i = 2
- and please keep in mind that each of these classification

criteria has its failure rate ranging from 0% to 20%. To
— B/T > 0.2(Optional, for more restricted pur- ] ] : - - - -

pose)
e Classical Bulge(Merger-built):
—n>4
— B/T > 0.5
e Classical Bulge(Clump sinking):

—-2<n<4

— B/T > 0.2(Optional, for more restricted pur-
pose)
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Figure 4. The distribution of bulge Sérsic indices across
three B/T bins(B/T < 0.2 ,0.2< B/T <0.5, B/T > 0.5)
in band F200W.
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Band (N) Re_bulge [kpc] Re.disk [kpc] n-bulge  n_disk B/T
F150W (N=116) 1:18+9:2¢ 543749 2.0071:0 0.6970:4% 0.0979:38
F200W (N=100) 1.19+0:51 436133 1:90t10° 0igors s 022133l
F277W (N=125) 14505} 3.991278  147+1%5 0714190 046733
F356W (N=106) 1.4219:%9 43003 Tastlel omuEler 0531da:
F410M (N=99) 1.29+0:9 4.2312:88 15634147 071¥00s 0ATHOS
F444W (N=99) 126138 4:19%35% 1.48%3:3 0721000 (581533

Table 1. Summary of physical properties of SMGs across six JWST bands. The columns represent the effective radii of the
bulge and disk (resr,1 and refr,2), their Sérsic indices (n_bulge and n_disk), and the bulge-to-total luminosity ratio (B/T).

Bulge (Re_bulge/ kpc) Disk (Re-disk/ kpc)
Band  SFR < 175 My yr~' SFR > 175 My yr' P-value SFR < 175 My yr~' SFR > 175 My yr—'  P-value

F150W 1.17 + 0.05 1.11 £+ 0.06 0.354 4.81 + 0.40 6.28 £+ 0.53 0.065
. F200W 1.19 + 0.06 1.14 &+ 0.06 0.141 4.23 + 0.38 5.05 £ 0.59 0.268
F27TW 1.30 + 0.06 1.50 % 0.06 0.335 3.75 + 0.29 4.43 £ 0.47 0.072
Band: ‘B/T'Bin _ Fuin (SPRLI75Mp yrY) Bright (SFR 2 175Mo yr™") F356W 1.28 + 0.07 1.47 + 0.07 0.598 3.74 + 0.35 4.96 + 0.57 0.020
FracHlon (%), #.bulgei(Median), Fracuon)(%); nhulge, (Median) F410M 1.16 + 0.06 1.34 + 0.07 0.396 3.81 + 0.37 4.61 + 0.65 0.043
<02  62.3% (43/69) s 63.8% (30/47) 2.1940:93 F444W 1.20 + 0.07 1.35 4+ 0.08 0.725 3.97 £+ 0.36 4.62 + 0.62 0.017
F150W  0.2-0.5 21.7% (15/69) 23.4% (11/47) 107105
>05  15.9% (11/69) 12.8% (6/47) 10658 Table 3. Effective radii for bulges (Re_bulge) and disks (Re_disk) across six bands, split by SFR (in M yr~'). Bold p-values
<02 44.3% (27/61) 237008 53.8% (21/39) 2191597 (< 0.05) show disks expand as the star formation rate rises.
F200W  0.2-05 29.5% (18/61) 0.7610:05 28.2% (11/39) 1411054
>05  26.2% (16/61) 0.73+0:70 17.9% (7/39) 0.75+3:3
<02 30.6% (22/72) 2153013 22.6% (12/53) 2,221+008
F277TW  0.2-0.5  27.8% (20/72) 108530 28.3% (15/53) L4787
>05  41.7% (30/72) 0753L1e 49.1% (26/53) 0.76+570
<0.2  238% (15/63) 2231413 20.9% (9/43) 2.2171:82
F356W  0.2-0.5  19.0% (12/63) 3013170 25.6% (11/43) 1617329
>05  57.1% (36/63) 072512 53.5% (23/43) 0.6910:33
<02  28.8% (17/59) 20010 25.0% (10/40) 2i252034
F410M  02-05  20.3% (12/59) 2571140 30.0% (12/40) 2.54717% Bulge Type (N) Stellar Mass SFR B/T Sérsic n Res
>05  50.8% (30/59) 0.68+95% 45.0% (18/40) 0.70+5:33 (1011 Mo) (Mo yr’l) (kpc)
<02  288% (17/59) 2:21 3100 20.0% (8/40) 2.241234 T m— e i 50
F444W 0205  18.6% (11/59) 32018 15.0% (6/40) 4351948 Classical Bulge (N=27) 1675 162:2%200° i34 02  Wierys;  2.0%5%
08 SN  O6THE  Goh(gu) O Major Merger Bulge (N=4) 13453 15257128 06705  44%y) 14397
Table 4. Distribution of bulge Sérsic index n.bulge in B/T bins for faint (SFR < 175Mg yr™') and b znie e +0.6 +294.2 +0.1 +0.6 +0.1
(SFR > 175Mg yr~') SMGs in different JWST bands. Fractions in each bin are shown along with the median n_b Clump Smkmg Blﬂge (N_IG) 16_33‘ 2044_?2751 05_8]1 27_82 20_32
and asymmetric errors. Pseudo Bulge (N=21) 0.8154 1pLatisls o1td:  1480E  1ate
Unclassified Bulge (N=47) 0.919% 128:8115%:3 Qtd: 07i2  1.6103

Table 5. Median of the physical properties by bulge type, with the lower and upper bounds corresponding to the 25th and
75th percentiles. All values are rounded to one decimal place.
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ABSTRACT

We present an investigation of the central structure of the SO galaxy NGC1 553, to understand its origin and the underlying dynamical
processes that shape it. The high-resolution integral field spectroscopic data from the Multi-Unit Spectroscopic Explorer (MUSE)
reveal a well-ordered rotation pattern, consisting of a rapidly rotating nuclear disc that is somewhat decoupled from the main disc,
together with an inner lens; we collectively refer to these structures as the "disc-lens". The central peak in the velocity dispersion indi-
cates the presence of a classical bulge. The nuclear disc is dynamically colder than the surrounding disc, while the lens is dynamically
hotter. The higher-order Gauss—Hermite moments, 45 and Ay, further characterise the stellar kinematics. An anti-correlation between
the line-of-sight velocity and skewness (%3) is consistent with regular rotation. In contrast, the ring-like enhancement in kurtosis (h4)
confirms the presence of the nuclear disc component. Unsharp masking of HST images (Erwin et al. 2015) reveals a nuclear bar and
faint spiral structures within the central ~10 arcsec, supporting the role of secular evolution. The mass-weighted stellar age map shows
an old stellar population in the central regions, with high metallicity that suggests the in-situ formation of the disc—lens from disc
material. We discuss possible formation scenarios for the disc—lens, including both minor mergers and secular processes, and examine
the influence of the Dorado group environment on NGC 1553. Our findings suggest that the disc—lens in NGC 1553 formed during
the early stages of the galaxy’s evolution. However, its subsequent development has been shaped by internal and external processes.
These results provide new insights into the origin and evolution of kinematically distinct substructures in SO galaxies.
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Fig. 1. DECaLS color composite image (left) and residual image (right) of NGC 1553 and nearby galaxy NGC 1549. The white arrow in both
images represents the faint shell feature in NGC 1553. North is oriented upward, and east is to the left. The size of the bow is 22 arcmin in each
panel.

Table 1. Properties of NGC 1553. The morphology is taken from
Buta et al. (2015) and the distance is adopted from Blakeslee et al.
(2001). Right Ascension and Declination of the galaxy are taken from
NASA/IPAC Extragalactic Database2. Galaxy inclination and disc po-
sition angle are adopted from Erwin et al. (2015).

Parameter Value
Morphology SA(rl,nrl,nb)0+
Distance (D) [Mpc] 18.5
Right Ascension (J2000) [Deg] 64.043484
Declination (J2000) [Deg] -55.780005
Inclination angle [Deg] 48

Position angle of disc photometric axis [Deg] 152
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Fig. 2. Stellar kinematic maps of NGC 1553 derived from the MUSE data cube using the GIST pipeline. The line-of-sight (LOS) stellar velocity
(V) distribution is presented in the top-left panel, while the corresponding stellar velocity dispersion (o) map is shown in the top-right panel. The
nuclear disc is outlined by the solid black ellipse, while the dashed ellipse indicates the hot inner lens. The third (3) and fourth (h,) Gauss-Hermite
velocity moments are displayed in the bottom-left and bottom-right panels, respectively. The overlaid contours, extracted from the MUSE intensity
maps, are spaced at uniform intervals of 0.2 mag. The orientation is such that the North is up, and the East is to the left.
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Fig. 5. Mass-weighted stellar age map (left) and stellar metallicty map (middle) of NGC 1553 derived from the Voronoi-binned MUSE data cube.
Overlaid black contours represent isophotes from the MUSE white-light image, spaced at intervals of 0.2 mag. The dashed black ellipse marks the
central 13 arcsec region corresponding to the nuclear disc-lens. North is up and east is to the left. The star formation history (SFH) is shown on
the right, where each profile represents the SFH of an individual bin.



